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In the preceding paper  (1),  seven allotypes or families  of  allotypes  were 
described. The allotypic specificity of proteins was defined as the part of their 
specificity that may be different in different individuals of the same  animal 
species. According to the working hypothesis stated there, another part of the 
antigenic specificity of the protein molecules that are endowed with allotypic 
specificity would be uniform throughout the animal species. This uniform part 
of the antigenic specificity of proteins will be termed "isotypic" specificity;  t it 
had been the only one observed in the past and had been shown by the use of 
antibodies obtained from animals of other species than the species of the donor 
of the protein antigen. The  isotypic specificity  of proteins is  therefore the 
immunochemical expression of that portion of their chemical structure which 
is at the same time, (1) common to one category of proteins of the organism 
(this  commxmity of structure reflecting  a  certain commtmity of origin  and 
probably of function); (2) common to all the individuals of the same animal 
species;  (3) different enough from the structure of the proteins of the corre- 
sponding category in other animal species to elicit in these animals the forma- 
tion of antibodies, the latter difference not excluding similarities  which are the 
cause of cross-reactivity. This might be expressed more briefly by saying that 
the isotypic specificity is, for one antigenic species, characteristic of one animal 
species,  t This meaning was not compatible with the use of either of the older 
expressions,  "species specificity" and "organ specificity." 
It remained to check this working hypothesis, and to study the relationships 
between the allotypic and isotypic specificities;  that is, to discover (1) if the 
same isotypic specificity is shared by all the molecules which carry the same 
allotypic specificity,  and (2)  if several of the listed allotypes have the same 
isotypic specificity, and which ones they are. 
1 From ~o~ meaning equal or similar and rb~ro~ meaning print or type,  or  more simply 
from [¢orb~'os  meaning of the same form. 
9. In other papers (2) 25 such antigenic species could be distinguished in fractions of normal 
human serum, the components of some fractions remaining to be described. 
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The list of the allotypes present in a  given serum and of those absent  from 
this  serum  (among  the  known  ones)  will be  called  the  individual's  allotypic 
formula.  It  was  necessary  to  study  the  possible  laws  that  may  limit  the  co- 
existence of allotypes and  the variety of  allotypic formulas,  and  the  relation- 
ships these laws have with genetics. In the present paper,  an attempt  is made 
to supply answers  to these questions. 
Only six of the seven listed allotypes,  or families of aUotypes a,  b,  c, d, f, g, 
will be dealt with throughout  the work reported,  because the small volume of 
immune serum  against  allotype  e  did not  allow one  to  study  this  allotype  as 
thoroughly  as  the  others. 
Techniques 
Immunizations.--In  addition to the immune sera obtained from rabbits  the immunization 
of which has been described in the preceding paper (1), guinea pigs were immunized. The route 
of immunization was the same as used for rabbits, and the amount of specific precipitate and 
the volume Of emulsion injected were roughly proportional to the weight of the animals.  The 
antigen in the specific precipitate was crystallized hen egg albumin. The rabbit immune serum 
used in the preparation of this precipitate contained the allotypes a, d, f, 
Specific Precipilation  in Li~id Media.--The allotypic formulas of several hundred rabbits 
(adult and young)  have been determined.  Besides the reactions in gels  (simple diffusion  in 
tubes), a part of these determinations have been made by reactions in liquid media, using the 
so called ring test. Only unispecific  immune sera were used in these latter reactions.  They 
were diluted in neutralized solutions of 2 per cent polyvinylpyrrolidone  s in normal saline; 
the amount of dilution was based on the strength of the immune sera, so that the positive 
reactions could be easily read after 2 hours in the form of a clearly visible disk.  The rabbit 
serum containing the allotype was diluted dropwise 1:10 in normal saline.  The sera of young 
rabbits (less than 3 months of age) were diluted only 1:5. For these reactions, tubes of about 
2 ram. of internal diameter were used. 
Specific Precipitation  in Gel Tubes.--The technique of simple diffusion  used was the same 
as in the preceding paper. It is known that the penetration h, i.e.  the distance between the 
interface and the leading edge of the precipitation zone, is a function of the initial concen- 
tration of the reacting antigen in the upper layer. The relation between these two variables, 
i.e.  penetration and antigen concentration,  used in this work  was  the logarithmic relation 
experimentally established by the author  (3)  and  correlated to the theoretical laws of  free 
diffusion by Becker a  a/. (4). In view of avoiding errors due to non-specific  effects (5) certain 
precautions are needed in the application of these laws to the determination of antigen con- 
centrations  ((5-7);  see also  quantitative  application  in  reference 8).  Although they  were 
primarily carried out with merely qualitative aims, the reactions of 50 normal rabbit  sera 
were suitable for quantitative purposes since,  (1) the same immune serum had been present 
in a gd of constant composition while reacting with the 50 sera; (2) the photographs (magnifi- 
cation 2) had been made after a constant and known time ; (3) the sera in the upper layers 
were pure while the immune sera in the gels were at a dilution of 1:4 or 3:4. The total rabbit 
serum concentration was thus sufficiently different in the two layers as to avoid errors due 
to non-specific  effects in determining the concentration of antigen. 
Calibration curves were carried out 3 years after the reactions of the 50 sera, the immune 
sera being stored in the meantime in the cold between 0 and 4°C. A few of the 50 sera, also 
3 Polyvinylpyrrolidone was kindly supplied by Specia, Paris. JACQUES  OUDIN  127 
stored for more than 3 years, were allowed to react at the same time as the establishment of 
the  calibration  curves with the stored immune sera,  and  under the  same conditions.  The h 
values measured after  1 week were larger by 0.3  to 0.5  mm. than they were 3 years before. 
This difference was probably due mainly to changes in antibody or to non-specific changes in 
the immune serum. It is considered by the author that the use of these calibration curves was 
valid.  For these calibration  curves fresh normal rabbit  sera  were used  having a  somewhat 
large h value for the zones of allotypes a and b. These were diluted twofold in normal chicken 
sera and  allowed  to react  at  the  same temperature,  using gels of  the  same composition as 
those used 3 years before. The tubes were photographed after the same period of time. 
Double diffusion in cells was carried out as described in the preceding paper. Double diffu- 
sion in tubes was carried out according to the principle formerly stated  (9)  and applied later 
(10,  11). Tubes were used having the same internal diameter as those used for simple diffusion. 
The first layer, ahout 20 mm. in height, contained the immune serum at the suitable concen- 
tration.  The second layer contained  pure agar;  its height  may be seen on the  photographs 
in Fig 2. The third layer, about 20 mm. in height, contained the antigen solution in agar. The 
agar concentration was the same in these  three  layers:  0.45  per  cent. 
RESULTS 
Relationships  between the Observed A llotypic  and Isotypic Specificities 
Experiments were carried out  to study the  relationships  between  the  two 
kinds of specificity, that is allotypic and isotypic specificity. To do this, guinea 
pigs were injected with the same kind of material as that used for immunizing 
rabbits. This consisted of a  precipitate prepared by the reaction of hen oval- 
bumin with a  rabbit anti ovalbumin antiserum  which  contained allotypes a, 
d, andf. The chosen guinea pig antiserum gave, with every rabbit serum tested, 
a single zone of precipitation, either in simple or in double diffusion. 
The first kind of reactions undertaken with this guinea pig immune serum 
aimed at finding whether or not it could distinguish  the three allotypes a, d, 
and f, from each other and from the other three, that is b, c, and g.  Fig. 1 shows 
the reaction of guinea pig antiserum with three normal rabbit sera of different 
allotypic formulas. Other reactions of the same antiserum with other normal 
rabbit sera with different formulas gave similar results. The continuity of the 
precipitation zone was  complete without bifurcation of any kind in front of 
the interfaces between the different rabbit sera. The reactions had been carried 
out  under  conditions  giving, with  double  diffusion,  the  largest  possible  sen- 
sitivity. That is,  (1)  each of the  rabbit  sera had been brought to a  dilution 
giving an antigen-antibody ratio close to equivalence with the guinea pig anti- 
serum (the latter at two-thirds of its original concentration in the lower layer), 
and  (2)  the reactions were observed during several weeks (p. 362 in reference 
12).  In these reactions with the guinea pig immune serum, it was not possible 
to distinguish between allotypes a, d, f, nor between these allotypes and  the 
other  three,  even  though  the  guinea  pig  had  received immunizing  material 
containing the former three and not the latter. 
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that no one of the protein molecules carrying one of the  specificities  a, d, or f 
was  precipitated  by  the  guinea  pig  antiserum,  its  antibodies  being  directed 
against  another  antigen;  and  (2)  it  was possible  that  the  guinea  pig immune 
serum  precipitated  partially  or  totally  either  one,  two,  or  the  three  kinds  of 
molecules that carried  the specificities  a, d, and f.  In the  latter  case,  the anti- 
genic specificity which is responsible for their precipitability by the guinea pig 
antiserum,  is  different  from  their  allotypic  specificity,  since  this  antiserum 
does not distinguish  the allotypes from each other. 
If further  experiments  were  to  confirm  the  1st  hypothesis,  the  guinea  pig 
immune serum would yield no useful  information. Otherwise,  it  would  remain 
Fit;.  1. Reaction  (double diffusion), in a suitable cell, of a guinea pig immune serum ~ith 
three normal rabbit  sera of the different allotypic formulas indicated above the figure. The 
horizontal white dashes indicate  the interfaces between the lower layer (guinea pig immune 
serum) and  the layer of pure  agar,  and  between the latter  layer and  the  layers of  normal 
sera. The vertical white clashes indicate the interfaces between the layers of the three normal 
rabbit  sera. In contrast  with the anti allotype  rabbit  immune sera, the guinea pig immune 
serum recognizes the isotypic specificity common to the different allotypes ai~d to the different 
individuals, hut  does not distinguish the allotyl)ic specificities. 
to  determine  which  of  the  possible  forms  of  the  2nd  hypothesis  would  be 
verified;  that  is,  (1)  if  the  antigenic  species  precipitated  by  the  guinea  pig 
immune  serum  contains  (at  least  in  part)  only  one  of  the  three  allotypes 
a, d,f, or two, or the three or even other allotypes, and  (2) whether or not  the 
allotypes which are precipitated  by the guinea pig immune serum are entirely 
precipitated  by it  and  consequently  belong  entirely  to  one  antigenic  species 
(it  is  conceivable  that  one  allotypic  specificity  could  be  shared  by  different 
proteins  with  different  isotypic  specificities). 
Neighboring reactions, using the guinea pig immune serum and anti allotype 
rabbit  immune sera,  could not be  used  to solve  this  problem.  The guinea pig 
immune serum would have precipitated  the rabbit immune sera as well  as the 
normal rabbit sera, in a  similar fashion as that in the reaction  shown in Fig.  7 
of the preceding paper.  In order to avoid this difficulty, the following reactions 
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with the guinea pig serum, the ratio of the volumes being close to the equiva- 
lence ratio; (2) after being centrifuged, the supernatant fluids were allowed to 
react with rabbit immune sera against various allotypes. For this second step, 
double diffusion in gel tubes was chosen for the following reasons: equivalence 
is  nearly never so perfect that  not even a  small  amount  of antigen and/or 
antibody is present in the supernatant fluid, and these small amounts might 
have disturbed the next reaction if ring tests or simple diffusion had been used 
instead  of double diffusion, less  sensitive when the  results are  read after an 
equal time. Besides, non-specific reactions sometimes occurred between guinea 
pig sera and rabbit  sera,  which  were visible mainly when both sera  were in 
contact with each other. Finally, the dilution of the antigen in the reaction of 
the  1st  step  usually brought  the  ratio  of its  concentration to  the  antibody 
concentration in  the  anti  allotype rabbit  immune  sera not  too far from the 
equivalence ratio,  approaching conditions most favorable to double diffusion 
reactions. 
The guinea pig immune serum, and rabbit immune sera against each of the 
six main allotypes a, b, c, d, f, g, were allowed to react comparatively with the 
supernatant fluid of the first reaction (that of the guinea pig antiserum and of 
a  normal rabbit serum containing the suitable allotype), and with a  dilution 
of the same rabbit  serum, at  the same rate, in a  serum of a  non-immunized 
guinea pig. Photographs of the tubes are shown in Fig. 2. The reactions of the 
guinea pig antiserum, here again,  give a  single zone, confirming that a  single 
antigenic  species  is  involved.  It  may be  seen,  however,  that  the  zone(s)  of 
allotypes a, b, c, f, g, present in the control tube, are absent from the tubes in 
which the upper layer is the supernatant fluid of the first reaction. Allotype d 
is not represented in reactions shown in Fig. 2, because, in its case, no reaction 
was visible even in the control, this being probably explained by the fact that 
the anti d antiserum was relatively poor and that the reaction was in antibody 
excess, due to the small concentration of allotype d.* 
These results supply answers to the questions raised above and allow one to 
choose between the several hypotheses stated. The apparently single and uni- 
form antigen precipitated by the guinea pig antiserum was in fact the same as 
that, depending on the rabbit, which carries the al]otypic specificities a, b, c, f, 
g.  The antigenic  species characterized by the  isotypic specificity responsible 
for the reaction with the guinea pig antiserum seems to include not only a part 
of the five allotypes but the totality of the molecules which carry these allotypic 
specificities. This would tend to eliminate the hypothesis that one or several 
of these allotypic specificities could be shared by different antigenic species. 
If this hypothesis had been true, one might have expected that the reaction of 
4 There  are  possibly still  other  reasons,  involving interactions  between  the  reagents and 
agar. With other antisera, which gave rather strong reactions in simple diffusion, no reactions 
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the rabbit  sera with  the anti allotype rabbit  sera  would not  have been entirely 
eliminated  by  their  previous  reaction  with  the  guinea  pig  antiserum.  Some 
sort  of  residual  reaction  might  have  been  expected  to  occur  but  was  in  fact 
not  observed.  The  stronger  this  reaction,  the  smaller was  the  probability  that 
a  faint residual reaction might have been overseen. Thus a  look at  Fig. 2 shows 
that  this conclusion  is safer for allotypes a  andf  than  for b and  c.  However ils 
generalization  seems  to  be  reasonable. 
FIO. 2. The twelve tubes contain, in  their lower layer, six immune sera,  the same in  b{~th 
tubes  of each pair.  The first  tube of each pair  contains in its upper  layer the supernatant 
fluid of the reaction (close to the equivalence ratio) of a normal rabbit  serum with the same 
guinea pig immune serum  as in  Fig.  l.  The upper  layer of the secoml  tube of each  pair  is 
made of the dilution of the same normal rabbit  serum, at  the same rate, in a serum of mm 
immunized guinea pig. The immune sera in the lower  layers  are,  from  the  left  to  the  righl : 
I,  the  guinea  pig  immune  serum, a, b, c, f, g, the  rabbit  immune  sera 420, 332,  287, 437, 
284 anti allotypes a, b, c,f, g.  A  reaction  is  observed  in  the  agar  layer  of  the  second  tube 
of each pair under the form of a single 1)recipitatiml  zone or of a double one (g). This reaction 
is prevented in the first  tube of each pair by the previous precil)itation of the rabbit  serum 
by the guinea pig antiserum, showing that  this antiserum precipitates the aHotypes  because 
of their uniform isotypic specificity,  without distinguishing between  them. 
The  A llolypic  Formulas  and  the Limils  ~{f Their  Variabilily 
The  number  of allotypic  formulas  different  from  each  other  is  at  the  same 
time the number  of classes  into  which  allotypy permits  the distribution  of the 
individuals. The frequencies of the seven listed allotypes in  the studied  sample 
of population  are widely varied as may be seen in Table I.  From  the very high 
frequency  of allotype  a  and  the  low  frequency  of some others,  it  follows that 
certain  of the  theoretically possible  allotypic formulas  are not  likely to be met 
if the  number  of sera  tested  is not  very high.  Besides,  lhc  number  of possible 
allotypic formulas is still limited by the fact that the frequencies of the different 
allotypes  are not independent  of each  other. JACQUES Om)m  131 
Relationships  between the Frequencies  of Different Allotypes.--The  existence 
of certain relationships is  obvious at  the mere examination of Fig.  3  of the 
preceding paper in which it may be seen that (1) the 4 e+ sera, i.e. the 4 sera 
containing allotype e, are all found among the 5 c+ sera;  (2) out of the 5 c+ 
sera, 4 are included in the 7 do sera, i.e. in the 7 sera which do not contain allo- 
type d. For the reasons already stated, the relationships between c and e were 
only observed in the first series of 50 sera, to which belonged those of the men- 
tioned figure. In this series, the 4 e+ sera were all included in the 7 c+ sera, and 
this could hardly result from a fortuitous coincidence.  5 
The  apparent relationship between c and d observed on the figure was also 
observed in the sample population of 155 rabbits.  This observation becomes 
clearer when it is noticed that, out of these 155 rabbits, no one carried in its 
own serum the three allotypes b, c, d, but at most two of them. Other aspects 
of the fact that the three allotypes b, c, d  are not observed together are  (1) 
TABLE  I 
Frequend,  s of the Seven Allotypes (or Families) 
a  b  c  d  e  J"  g 
No. of normal sera tested .............  155  155  155  155  50  155  155 
Frequency ..........................  I 0.97 I 0.4x I 0.2x I 0.86 [ o.os [ oA2  [0.10 
the presence of the 8 b+ c+ sera among the 22 do sera, (2) the presence of the 
22 c+ d+ sera among the 91 b0 sera, (3) the presence of the 47 b+ d+ sera among 
the  122 c0 sera. The calculation of the probability of these occurences if b, c, 
and d were independent of each other, on a  basis similar to that used above 
for the occurrence of the e+ sera among the c+ sera,  5 would lead to extremely 
low values: (1)0.47 X 10  -7, (2)0.25 X 10-  5, (3)0.11 X 10-  s. These observations 
lead to considering the three allotypes (or families of allotypes b, c, d) as forming 
a group, the meaning of which will be studied below. 
It  was  natural  to  wonder whether another  similar  group  would  exist.  In 
fact, no serum containing at the same time a, f, and g was found among the 
155 sera tested. The low frequency of both] and g made this absence less sug- 
gestive than in the case of b c d. But as a consequence of this absence of a+ f+ 
5 Calculating the probability of such a coincidence would amount to calculating the proba- 
bility of picking 4  colored balls in only 4  attempts in a  box containing 50 balls, only 7  of 
which are colored. The probability would be, for the first ball, 7/50, for the second, 6/49, etc., 
and the probability of picking 4 colored balls out of 4 attempts would be 
7XfX5X4 
=  0.00015. 
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g+ sera, the 2 f+ g+ sera are included in the 5 a0 sera, the probability of this 
being a fortuitous coincidence being 
5X4 
--  =  0.00084. 
155  X  154 
Tentative Genetic Explanation of the Distribution of the Six Allotypes  in  Two 
Groups.  Quantitative  Evidence.--The  tentative separation of  the six allotypes 
in two groups of three, such that two allotypes at most of each group seemed 
to be possessed by one individual suggested a genetic explanation. If, by analogy 
TABLE II 
Distribution of the Allotypic Formulas in a Sample Population of 155 Adult Rabbits* 
b 
c 
d 
bc 
bd 
cd 
fg 
* In each square is written the number of rabbits with one allotypic formula, the allotypes 
of this formula being that or those written on top of the same column and that or those writ- 
ten to the left of the same line. 
with what is known about the genetic control of antigens, it is assumed that 
one allotype (or family of allotypes) would be controlled by one gene, these 
observations might be merely accounted for by allelic relationships between 
the b, c, d, genes, and similarly between the a, f, g, genes. The distribution of 
the formulas in the studied sample of population is presented in Table II ac- 
cording to this hypothesis. This explanation predicts that the animals whose 
formula includes two allotypes of one group would be necessarily heterozygous 
for the corresponding locus. Those having only one allotype of one given group 
would be probably homozygous, as long as unknown alleles would not inter- 
fere. A dosage effect might be expected in the sense that the concentration of 
one given allotype might be, on the average, larger in the serun- of supposed 
homozygotes than  of heterozygotes, since its  synthesis  is  controlled by two 
genes instead of one. JACQUES OUDn~  133 
To check these conclusions, measurements of the penetration have been made 
on the photographs of the gel tubes which, in the reactions of the first set of 
50 normal sera, lead to the identification of the various allotypes. The allotypes 
chosen for these measurements were as much as possible the most frequent 
ones, or at least frequent enough so that the averages could be calculated from 
a  number of measurements that was not too small. For the a f  g group, the 
penetrations (or rather the double of the penetrations, 2h) were measured on 
the photographs, in the reactions of 32 sera a+ f0 go (individuals supposed to 
be homozgous) and in the reactions of 8 sera a+ f0 g+ (individuals supposed to 
be heterozygons). The difference found between the average values of 2h was 
the following: 
2~'o  "'  -- 2h.o =  2.54 +1.20 
The 4-1.20 means that there is a  probability of 0.95  that the actual average 
value of a very large number of measurements is included between the indicated 
limits  (13).  Therefore,  the  difference may be  safely considered  significant. 
The difference between the average values of 2h in the 32 a+ f0 go sera  and 4 
a+f+ go sera was not significant. For the b c d group, the double of the penetra- 
tions of the zones of allotypes b  e were measured in the reactions of 3 sera b+ 
c0 do (supposedly homozygous) and of 16 b+ co d+ sera (supposedly heterozygous) 
with the following difference between the average values: 
2~,~ -  2~h ffi 3.O4 ±  1.9, 
this  difference being  dearly  significant.  The  difference found  between  the 
average values of 2h in the 3 b+ Co do sera and in 3 b+ c+ do sera was not sig- 
nificant. 
By comparing  these  differences with  the  calibration  curves,  it  might  be 
concluded, except for the  reservations made necessary by the aging of  the 
immune sera  T that there is a  probability of 0.95  that (1)  the actual average 
value of the concentration of allotype a be, in the a+fo go sera from supposedly 
homozygous rabbits, between 1.3 and 2.05 times that in the a+ f0 g+ sera (sup- 
posedly heterozygous), and that (2)  the actual average value of the concen- 
tration of allotype b be, in the b+ co do sera (supposedly homozygous), between 
1.28 and 2.85 times that in the b+ co d+ sera (supposedly heterozygous). 
6 AUotype b was chosen instead of the more frequent allotype d, because the precipitation 
zones given by the only unispecific anti d immune serum (No. 339), having an imprecise lead- 
ing edge, were not favorable to accurate measurements. 
These calibration curves of the 2 h values in the constant time used were, for both reac- 
tions, straight lines against the logarithm of the dilution of the sera chosen as standards. But 
they were made more than 3  years after the reactions that had lead to the above  figures, 
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Inheritance  of AUotypes 
In the preceding paper  (1),  it was  implicitly admitted  that  the  allotypes 
found in rabbit sera were genetically determined. In fact, when the allotypic 
TABLE  III 
Successive Allotypic Formulas of Young Rabbits of One L~er* 
Psren~  Offspring 
Al~types 
looked for 
c~  7  Bleeding  3  5 
+  + 
+  + 
+  + 
+  + 
o  o 
+  + 
+  + 
+  + 
+  + 
+  + 
+  + 
+  + 
+  + 
o  o 
o  o 
o  o 
o  o 
+  + 
+  + 
o  o 
o  o 
+ 
o 
+ 
+ 
+ 
* The strength of the reactions is indicated by tr (trace), =t= or +.  The absence of visible 
reaction is indicated by 0. Unavailability of serum due to the death of the rabbit is indicated 
by the --. 
formulas of 92 young rabbits (whatever their age) of 20 litters were compared 
to those of their parents, no allotype absent from the parents was found in the 
first generation offspring. However, the presence of allotypes may also depend 
on factors other than the genotype of the individual. 
Extra Genetic Factors. Direct  Transmission of Allotypes from Mother  to Ofl- 
spring.--Table  III gives the example  of a  litter of 6 rabbits whose allotypic 3ACQ~-ES o~m  135 
formulas, determined in the sera of successive bleedings from the birth to the 
3rd  month,  underwent important  changes  during  this  period  of  time.  The 
1st day of life, the 7 newborn rabbits had exactly their mother's formula, in 
contradiction to the genetic hypothesis stated above. At the 4th bleeding, the 
formulas of the 5  surviving rabbits were no longer the same, but then they 
conformed to the hypothesis, as will be discussed later. The serum of the inter- 
mediate bleedings of one of them (No. 6) contained---at least in small concen- 
trations-the 3 allotypes b, c, d, although such a  coexistence was observed in 
no one of 155 adults. The presence of allotype g in the first two bleedings of 
rabbits 3 and 5, and of allotype c in the same bleedings of rabbit 6, was obviously 
accounted for by a direct non-genetic transmission from the mother. Allotype 
b, in all the rabbits, was absent on the 1st day and its presence in the samples 
taken later means obviously that it had been synthesized by the young animal. 
Moreover, it is difficult to say whether the faint reaction of the serum of the 
second bleeding of rabbit 6 with the anti d immune serum was due to some 
amount of allotype d still remaining from that transmitted by the mother, or 
to the first appearance of the aUotype synthesized by rabbit 6 itself. 
Genetic Relationships between tle Presence of tie Allotypes in tie Sera of tie 
Parents and of tie Offspring.--If the genes which control two allotypes x and 
y are supposed to be alleles, and if two rabbits respectively x+ y+ and x0 y0 are 
mated, the first generation of the offspring should be composed of individuals 
carrying each either x or y and never both x and y. It is supposed, of course, 
that the samples of serum used for the reactions do not contain any detectable 
amount of allotype directly transmitted from the mother and that the allotypic 
potentialities contained in the individual's own genotype are all expressed. If 
sera are observed which contain either both x and y together or none of them, 
the x and y genes cannot be alleles.  If all the sera of the 1st generation contain 
either x or y and only one of these allotypes, this may be due to mere random- 
ness, with the probability of a/~ for each rabbit,  and consequently with the 
probabifity of (~)" for n rabbits. If, not only x and y but the gene of another 
allotype z are alleles and if they are the only three alleles of the same locus, 
then the parent x+ y+ is necessarily z0, while the parent x0 y0 is necessarily z+ 
and, since the latter is homozygous for z, each individual of the 1st generation 
will have the allotype z in its phenotype, in the heterozygous state. 
The results are shown in Table  IV.  Some of them are incompatible with 
allefic relations between the two genes of certain pairs b and g, c and g, d and 
f, d and g. Thus the b, c, d, f, g, genes belong at least to two groups of alleles. 
It may be noticed that the two genes of each of these four pairs was supposed 
above to belong to two different groups. 
The results which were consistent with the supposed distribution of the six 
genes in two groups of alleles are shown in Table IV. In order to support the 136  ALLOTYPY  OF  SERUM  PROTEINS.  II 
TABLE IV 
Test of Allelism of Various Pairs of Genes 
Pairs  Allo- 
of  Litter  types  allo-  looked 
types  for 
Parents 
Phenotypes  l 
Offspring* 
bg  X  b  +  0  +  +  +  +  0  0  0  0 
g  +  0  +  +  0  0  +  +  +  + 
cg  X  c  +  0  +  +  +  +  +  0  0  0 
g  +  0  +  +  +  +  +  0  0  + 
Y  c  +  0  +  +  +  0  0 
g  +  0  +  0  0  +  + 
CC  c  0  +  +  +  0  +  + 
g  0  +  +  +  0  0  0 
df  H  a  o  + 
]  o  + 
dg  CC  d  0  + 
g  0  + 
bc  X  b  +  0 
c  +  0 
d  0  + 
cd  CC  b  +  0 
c  0  + 
d  0  + 
g  Z  a  0  +  +  +  +  +  + 
f  +  0  0  0  0  +  + 
g  +  0  +  +  +  0  0 
0 
+ 
0 
+ 
Inc. 
Inc. 
Inc. 
Inc. 
+  0  0  Inc. 
+  0  + 
0  0  0  0  +  Inc. 
0  0  +  +  0 
+  +  +  +  0  0  0  0  0  (~)9  =  0.002§ 
0  0  0  0  +  +  +  +  + 
+  +  +  +  +  +  +  +  + 
+  +  +  +  +  +  (½)6=  o.o16 
+  +  +  +  +  0 
0  0  0  0  0  + 
(%)~  =  o.o31 
* The presence or absence of visible reaction  of the serum of each young rabbit with the 
immune serum against  the aUotype indicated  in  the  second  column  is noted by  +  or  O. 
Inc. means incompatibility  of the results with the allelism of the two genes. 
§ These figures indicate  the probability  that the results in the given box, which are com- 
patible with the allelism  of the  two  genes, occurred  by  chance. 
conclusion that  a, fi and g are alleles, a  mating of rabbits  which would bring 
some support  to the allelism of either a  and f  or a  and g would have been de- 
sirable. However, this was not possible in our experiments,  because  the high 
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DISCUSSION 
The Portion of Antigenic Specificity Common to Various Allotypes 
It has been shown that, out of the seven listed allotypes (a, b, c, d, e, f, g), 
five (a, b, c, f, g) carried a common portion of their specificity, or isotypic spe- 
cificity. This is uniform throughout the rabbit species,  and can be detected 
by their reaction with an immune serum of another animal species.  It may 
be considered very likely that the antigenic species defined by this isotypic 
specificity includes all the protein molecules which carry the concerned five 
allotypic specificities. In what regards the other two allotypes d  and e, one 
(allotype e) could not be included in the present part of the work, because of 
the minimal amount of anti e immune serum available. No  direct evidence 
could be  obtained concerning the  other allotype, d.  However, if allotype d 
belongs to the same genetic group as b and c, it is reasonable to assume that 
it belongs also to the same antigenic species as these two allotypes. 
Since Landsteiner's work, numerous examples have been known of antigens, 
artificially built by coupling haptenic groups to native proteins, which, accord- 
ing to the immune sera with which they were reacted, behaved either as if 
they had an identical specificity or as if their specificities were entirely distinct. 
Allotypy supplies now native proteins which behave in a similar way as these 
artificial antigens, since  they behave identically toward  the guinea pig anti 
isotypic-specific  immune serum,  or  quite  differently toward  the  rabbit  im- 
mune sera against the allotypic specificities. This particular behavior does not 
even require any antibody absorption so that, although two portions of the 
specificity of the same protein molecules are involved, the antigen-antibody 
reactions do not apparently behave as cross-reactions of the classical type. 
Not enough is known as yet concerning the relationships between the struc- 
ture of proteins and their antigenic specificity to make a  precise hypothesis 
about the nature of the structures responsible for the different portions of the 
specificity of the same proteins. There does not seem, however, to be serious 
reasons  to believe that the structures responsible for allotypic and isotypic 
specificities are of quite different nature. It seems reasonable to assume that 
the main reason, for the immune serum of another species used above, not to 
distinguish the aliotypic specificities is probably a sort of quantitative reason, 
if one may so speak. It may be imagined that, however not different in nature, 
the parts of the protein structure which are not the same in two different species 
(and account for the isotypic specificity) are much more numerous or larger 
and even of a greater order of magnitude than the parts of the protein structure 
which are not the same in two different allotypes. This would be consistent 
with the fact that, in the immunization of an animal of another species,  the 
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be  negligible  as  compared  with  the  differences responsible  for the  isotypic 
specificity. 
The Allotypic Formulas:  the Genetic and Non-Gentic  Basis of Their Expression 
Table  II  shows  22  allotypic formulas found in  155  adult rabbits,  young 
rabbits being excluded. In any hypothesis, a  sample of population of 155  in- 
dividuals is not likely to be large enough to provide every possible combination 
of the six main allotypes. If they were independent, a  maximum of 2  ~ =  64 
formulas might be expected. If they belong to two groups of three alleles,  a 
maximum of 36 formulas is to be expected. 
Direct Transmission from the Mother.--Certain anomalous formulas observed 
in the very young animal are accounted for by the direct transmission of allo- 
types from mother to offspring. Such a direct transmission of certain proteins 
in mammals was known long ago (14). The markers that allowed the observa- 
tion of this phenomenon were primarily antibodies (see for example references 
15 and 16). It is known also that certain serum globulins were nearly completely 
lacking in the newborn animal of certain species  (17, 18). Allotypic specificities 
might supply convenient markers in studies of the rate of dissappearance of 
the mother's allotypes and of the rate of appearance of allotypes synthesized 
by the young animal. 
Failures in the anti allotype immunization of the rabbits have been mentioned 
in the preceding paper (1). It seems possible that the presence in the serum of 
the newborn rabbits of allotypes which are not determined by their own geno- 
type may provoke such failures through a mechanism of tolerance. 
The Distribution  of the Six Main Allotypes  in  Two Genetic Groups and the 
Possible Existence  of  Unknown AUotypes in  These Groups.--The  distribution 
of aUotypes b, c, d, in one genetic group is supported by (1) the fact that these 
three aUotypes were never found together in the serum of an adult rabbit, (2) 
the fact that the concentration of b was, on the average, significantly lower in 
the b+ co d+ sera than in the b+ co do sera, this being consistent with the hetero- 
zygous state of gene b in the former and not in the latter. This evidence does 
not prove anything, of course, as to the possible allelism of the b and c and of 
the c and d genes; (3) the results of mating b+ c+ and b0 co rabbits, and of mating 
c+ d+ and co do rabbits (Table IV, the probability of their being accounted for 
by randomness being respectively 0.002  and 0.016),  of which the allelism of 
genes b and c, and c and d is the best explanation. Together these arguments 
make allelism of the b, c, d, genes very likely. 
The evidence for the distribution of the a, f, and g allotypes altogether in 
another genetic group is  somewhat less  complete. However,  it  is supported 
by: (1)  the rather striking fact that the only f+ g+ sera were included in the 
rare a0 sera; (2)  the concentration of the a allotype significantly lower, on an 
average, in the a+ f0 g+ sera than in the a+ f0 go, this being satisfactorily ex- JACQUES OUDIN  139 
plained by the homozygous state of a in the former and not in the latter as if 
the a  and g genes were alleles; (3)  the particular features of the formulas of 
the offspring of two rabbits f+ g+ and f0 go compatible with the aUelism of the 
and g genes, which had only the probability of 0.03 to occur by chance. If the 
2nd argument may be taken as an evidence that the a and g genes are alleles, 
and the 3rd argument as a strong presumption that thef and g genes are alleles, 
then the aUelism  of a, f, g, becomes very likely, in agreement with the first 
observation. Evidence that the genes b and g are not alleles and similarly c 
and g, and d and f  (Table IV) agrees with the distribution of the six genes in 
the two groups b c d and a f  g. 
It has been noticed in the preceding paper  (1)  that, out of the eight pairs 
of allotypes x and y which could be investigated for their systematic coexistence 
on the same molecules, in one pair only, the two allotypes belonged to the same 
group.  From the relationships just discussed between the three allotypes of 
each group, it follows indeed that, if the immune sera are not prepared purposely 
with that aim, the chance of their being suitable for such an investigation is 
larger if x and y do not belong to the same group than ff they do. The anti 
x immune serum cannot contain x and should not contain y, while the anti 
y immune serum cannot contain y and should not contain x. Thus, if x and y 
belong to the same genetic group of three allotypes x y z, the immunized rabbit 
should be homozygous z. If the evidence of the non-systematic coexistence of 
x and y is supplied by a  single immune serum, containing anti x and anti y 
antibodies, the immunized animal has to fulfill the same conditions and, besides, 
the immunizing material has to contain both allotypes x and y. In the former 
case, of x and y belonging to different genetic groups, the immunized rabbits 
may have more variable aUotypic formulas. 
The Possible Existence of Unknown Allotypes in the Two Groups.--In a former 
paper (19),  it was pointed out that not only the allotypes of  low frequency 
but also those of high frequency had a  chance to be overlooked. In fact, in 
these two  cases  the  probability  that  the  conditions (stated  in  the  preced- 
ing paper  (1))  necessary to the  detection of  an  allotype  be  fulfilled in  the 
immunization of one rabbit against the serum of another rabbit  should tend 
to be equal to the probability of the presence of the very infrequent allotypes 
and to that of the absence of the very frequent ones. 
There  are,  in  the  present experiments,  reasons  that  make nearly certain 
the existence of unknown allotype(s) or at least  of unknown gene(s)  in  the 
analyzed sample of population. Among the 22 classes of rabbits, with different 
allotypic formulas as  Shown  in Table  II,  2  classes,  containing one  rabbit 
each, have the only aUotypes a and af respectively. If the discussed hypotheses 
are correct, these two rabbits should possess one gene of the b c d group. This 
does not necessarily imply that the unknown gene controls an allotype (un- 
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the b, c, d, allotypes without any counterpart. But it seems more likely and 
more consistent with the rest of the observations discussed here to suppose 
that there is at least a fourth gene controlling a fourth and unknown allotype 
of the b c d group. The question might be raised of that fourth allotype being 
the e allotype, the study of which was limited for practical reasons. But this 
eventuality is not compatible with the observation, in the same serum, of the 
ailotypes b and c together with e (there are three such examples in Fig. 3 of 
the preceding paper). 
The existence of a  fourth allotype of the b c d  group would increase the 
number of different possible allotypic formulas to 6  X  10  =  60,  since there 
would be 10 possible phenotypes for the locus with the four genes. It may be 
assumed that allotypic variability is not a  feature particular to that protein 
antigen characterized by the isotypic specificity against which the antibodies 
of the guinea pig antiserum are directed. If there were a second protein antigen 
with a  similar variability, presumably independent from the first, then the 
number of possible allotypic formulas would be as large as 602 =  3600; if there 
were three, this number would be 216,000.  Thus, if allotypy were a property 
of a few more proteins and even more if it were a general property of proteins, 
it would be likely to entail individual diversity similar to that evidenced by 
the unsuccessful attempts of grafting within a species. 
The hypothesis discussed in this paper lead to the following representation 
of the aUotypic variability of what would have been considered to be a uniform 
protein antigen P and is still characterized by its isotypic specificity. 
P 
Genetic groups  I  II 
t__._______._~_~  f._______..____~_  __~ 
Allotypic  f  b  c  d  a  f  g 
forms. ~  c  d  g  g~ 
The number of different forms of P,  either interdependent on each other, 
such as c and c', or g and g~ (1, 10) or not necessarily found together, such as 
b, c, d, in the first genetic group, is certainly still larger than in this representa- 
tion. According to the genetic relationships discussed between these different 
forms, c and c' would be controlled by a  single gene, and similarly g and g'. 
The dashed portions of the brackets indicate the possibility of other allotypes. 
SUMMARY 
The relationships between six of the seven allotypes or families of allotypes 
(a, b, c, d, f, g)  described in the preceding paper, have been studied from the 
standpoints of (1)  their antigenic specificities, (2)  their mutual influence on 
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Although the six different allotypes (or families) react quite differently with 
the rabbit antisera, at least five of them react identically with a  guinea pig 
antiserum. Therefore, a large portion of the antigenic specificity of these allo- 
types, distinct from their allotypic specificity, is uniform in all the individuals 
of the rabbit species and is termed for this reason "isotypic specificity." 
In the early period of the rabbit's life, allotypes may be found in the serum, 
which are not determined by the genotype of the individual, but are directly 
transmitted by the mother. The allotypes of the antigenic species of globulin 
studied in this paper, which were synthesized by the young animal, did not 
appear in its serum before a certain period of time. 
Allelic relationships between the genes which control allotypes were indicated 
by, (1) the absence of certain kinds of groupings of the allotypes, which limits 
the number of allotypic formulas in the population sample studied, (2) dosage 
effects, the concentration of certain aUotypes (drawn from the penetration of 
the zones in gel tubes) being smaller in supposed heterozygotes than in supposed 
homozygotes, (3) the results of the analysis of the sera of a number of rabbits 
and of their parents. 
Eight of the different antigenic substances studied in this paper (allotype e 
excluded) appear to be allotypic forms of what would have been considered 
to be a uniform protein antigen. They may be classified as follows: a first group 
which contains two allotypes b and d and a  family of two allotypes c and c' 
apparently controlled by three allelic genes b c d, c and c' being controlled by 
the same gene; a  second group which contains two allotypes a  and f  and a 
family g, g' apparently controlled by three allelic genes af g. There are reasons 
to believe that this list is not complete, especially in the b c d group. 
The author wishes to thank Professor  L'H~ritier for his advice  and criticism  in the genetic 
part of this work. 
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